groups are mixed between the control group release site and the recovery site (i.e. they have equal arrival time and location at the recovery site), and 2) that test and control groups incur the same release-to-recapture (release-to-detection for PIT tags) mortality rate. These assumptions may be invalid if the test group must travel a substantial distance before reaching the release site of the control group.
With the direct method, a single release of fish above the area of interest is used, with subsequent recovery below the area of interest. This method requires a knowledge of the collection rate of the recovery method and a knowledge of the mortality rate between the release and recapture (detection for PIT tags) sites. Preanesthetic and water-to-water transfer techniques were used at all collection, marking, and release sites in 1989.
Smolts were PIT tagged using the marking procedures and automatic tagging instrument described by To compare results from this study (PIT tag) with results from previous studies using freeze-brand technology (Objective 5), a linear regression analysis was generated using PIT-tag and powerhouse-flow data from 1988 and 1989. This analysis was similar to the powerhouse flow-to-collection rate' relationship presented by Giorgi and Sims (1987 A total of 9,597 chinook salmon and 8,752 steelhead smolts were tagged and released during the study.
Release-Location Tests (Objective 1)
McNary Dam detection rates for fish from five of the six chinook salmon release-location tests (Table 1) were not significantly different (P > 0.05). However, detection rates from north and south shore released fish in the third test group were significantly different, with 43% and 50% detected from the north and south shore release sites, respectively (X2 = 6.007, P = 0.014). For steelhead, no significant differences among replicates were observed between the four north and south shore release groups (P > 0.05) ( Table 2 ). Median travel time differences within replicates were notably similar.
River-of-Origin Tests (Objective 2)
There were three paired tests using Columbia River and Snake River chinook salmon. Analysis indicated significant differences (Table 3 ) between the detection rates of chinook salmon from the Columbia and Snake Rivers during the first two tests (P < 0.05).
Ice Harbor Dam-collected (Snake River) smolts had a higher detection rate in the first test (68% vs. 59%) and a lower rate in the second test (46% vs. 56%). Priest Rapids Dam-collected (Columbia River) fish from the first replicate and Ice Harbor
Dam-collected fish from the second replicate passed during higher 
Time-of-Release Tests (Objective 3)
Based upon the low probability of spill occurring during the third steelhead replicate, the study design was changed to evaluate the effects of die1 release times on McNary Dam collection efficiency rates. Release groups were obtained from Ice Harbor, Priest Rapids, and McNary Dams (Table 4) . Detection rates for steelhead collected at Ice Harbor and McNary Dams (Tests 1 and 3) and released at noon or evening were significantly different (X2 = 27.31, P = 0.000, and X" = 6.944, P = 0.008, respectively). For steelhead collected at Priest Rapids Dam (Test 2) detection rates for noon and evening releases were not significantly different (P > 0.05). Median release-todetection travel times for these replicates were similar.
However, the effect of different release times would cause the fish to arrive at the dam at different times of the day. 
Previous Guidance Experience Tests (Objective 4)
Detection rates for previously guided chinook salmon were consistently higher than those for inexperienced fish (Table 5) .
However, Chi-square analysis of the collection rates suggested no significant difference between previously guided and inexperienced fish (P > 0.05) in two of the three test groups.
Significant differences were detected for the third test (X2 = 8.121, P = 0.004). For steelhead, previously guided fish were invariably detected at higher rates than inexperienced fish (Xi = 8.347, P = 0.004; and X2 = 49.51, P = 0.000, respectively).
Within replicate median release-to-detection travel times were notably similar.
PIT-tag vs. Freeze-brand Technology (Objective 5)
We conducted linear analyses of the relationships between powerhouse flow and chinook salmon collection rates and compared collection efficiency for fish groups marked with passive- (Fig. 2) .
Delayed Mortality Tests
Mortalities from each of the delayed mortality tests and from the 24 hour holding periods prior to release are presented in Table 6 . In 1988 (Stuehrenberg and johnson 1990) , water-to-water methods were not used to remove fish from the purse seine and a preanesthetic was not used. Significant differences in detection were determined between purse seine and McNary Dam fish. In 1989, with fish collected by water-to-water transfer from the purse seine and treated with a preanesthetic, detection differences were not found during the first two chinook salmon tests. However, the detection rate for purse-seined fish was always lower (1988 and 1989) The effects of release-to-detection mortality could not be directly evaluated. However, differences in collection efficiency rates were observed when there were delayed mortality differences between groups. Those groups with high rates of delayed mortality also had lower collection efficiency rates.
However, the effects of release-to-detection mortality could not be separated from the effects of previous guidance at the collection site and differences in handling method. However, because the period between gatewell entry and arrival at t h e monitors was unknown, this relationship could not be evaluated.
Differences detected during the river-of-origin tests (Table 3) During the first test, Snake River fish, which apparently arrived during peak passage hours, had a significantly higher detection rate, but during the second test they had a significantly lower detection rate than Columbia River fish.
Based on the PIT-tag detection times, the group exposed to the higher average release-to-detection spill rate had the lowest detection rate. It is noteworthy that in 1988, with the same difference in travel times between Columbia River and Snake River fish, but with no spill, detection rates were not significantly different. 2) River-of-origin does not directly affect detection rates (i.e. FGE is the same), however, differences between group travel time from release to detection will produce different detection rates when die1 behavior and powerhouse and spill rates change.
CONCLUSIONS
3) Similarly, die1 release time does not directly change collection rates (i.e. FGE is the same); however, differences between group arrival times will change detection rates.
4) The effect of using smolts previously collected from the collection system being evaluated could not be separated from the effect of using smolts obtained by different capture methods (handling stress and release-to-detection mortality differences).
5) PIT-tag technology produces higher and more accurate estimates of collection efficiency than freeze-brand technology. 
